The influence of the electron-positron interactions on the momentum density of annihilation quanta in real metals is discussed. The role of momentum dependence of two-particłe electron-positron correlations is set forth. The effective densities describing electron-positron correlations are presented for valence ełectrons in simple metals.
Introduction
In studies of momentum densities of electron-positron 2γ annihilation quanta p(p) in real metals, the local density approach (LDA) has been recently quite often applied (for reviews see, e.g., [1] ). The results for annihilation characteristics obtained within LDA, however, are as reliable as far the assumed electron-positron correlation functions following from the electron gas theory are correct. Experimental positron annihilation data in simple metals would allow for verification of annihilation parameters in jellium obtained within various theories (reviewed in [1] ).
The problem is how to state the density of electron gas in real metal in order to compare experimental and theoretical correlation functions, and how far this comparison is possible. In this work we show that for valence electrons in simple metals the effective densities of an electron gas are well defined and may be determined in an unique way. As the result, the whole shape of p(p) inside the central Fermi surface (FS) may be determined, basing on the independent particles model (IPM) results and electron-positron enhancement factors in an electron gas, εjell (p, rseffs), if only the effective density parameter r s eff is known.
(333)
Theory and results
If the rare-gas core contribution to annihilation is neglected, the momentum density of 2-y annihilation quanta is given by the formula where (Ω, r0, and c are the volume of the unit cell, classical electron radius, and velocity of light, respectively, n(kj) denotes the occupation number of the electronic kj state kj in the host material, and Ψ e p k j ( r e , r p ) i s t h e e l e c t r o n -p o s i t r o n p a i r w a v e function of an electron in the initial state kj located at re and the thermalised positron at rp . Momenta p are considered in the extended zone scheme, while k are in the first Brillouin zone (1BZ).
The total annihilation rate λ (λ = 1/τ, where τ is the positron lifetime) is the normalization constant of Eq. (1), i.e.
For re = rp the twoparticle function Ψepkj( re, rp) may be written in the form [2] [3] [4] (this notation has been also repeated in Ref. while From formula (10b) it clearly follows that the momentum dependence of the electron-positron enhancement faction ε(p) inside the FS is due to the state selectivity of twoparticle correlation functions fkj (r) only. Neither the form of the positron wave function nor state independent correlations f(r) can change visibly the shape of p(p) inside the FS with respect to pIPM(p) for delocalised electronic populations (e.g. valence electrons in simple metals).
Within LDA Eq. (10b) reads as
In Fig. 1 the effective electron densities r s (r 0 ), rs (ri ), and rs (rλ) are presented, where ro and ri are obtained according to Eq. (11) for momenta |p| = 0 and |p/pF| = 1, respectively. The values of ε(p) are based on the band stucture calculations performed within linear muffin tin orbitals (LMTO) average spheres approximation (ASA) (cf. Ref. [6] ), and εjell (p,rs) is the jellium result of Ref. [7] . Density parameter rs (ri,) was obtained in the same way, by comparing the correlation factor for total valence annihilation rates in real metals, γcorr = λ v a l / λ I P M v a l , extracted from Ref. [3] with its jellium analog rcorrjell(rs), parametrised in Ref. [8] . It is visible that the values of rs (r0), rs (r1), and rs (rλ) are very close to each other, determining the effective electron density parameters rseff describing electron-positron correlations for valence electrons in simple metals. These effective densities differ from the average valence electron densities in the Wigner-Seitz cell, described by rsfree (marked by stars in Fig. 1 ). This agreement of rs(r0), rs(r1) and rs(rλ) is the great advantage in the studies of electronic stucture of materials by positron annihilation method; knowing the total annihilation rates in real metals, λ val and λ IPMval, we are able to determine r s (rλ)≈rseff and read It should be stressed here that for more localised electronic populations (e.g. d-or rare-gas core electrons) the above procedure is not applicable. In non-simple metals the effective electron densities may be defined in several various alternative ways (each of them substantiated in similar degree), depending on the effects under study. For this reason the great deal of caution is necessary when one tries to determine the effective electron densities in e.g. transition metals, especially if the results are based on LDA which may be not valid in the region of strongly varying densities.
